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*What are PPRTVs?

" Advent of Appendix Screening Values: Expert-Driven Read Across

" n-Heptane example

*p,p’-DDD example (integrating ToxCast bioactivity)

* Limitations and challenges
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e Annual goal: Derive provisional human health reference values for 12 priority
chemicals for OLEM/Regions when such values are not available from IRIS

 OSWER Directive 9285.7-53 (Dec. 5, 2003) established a hierarchy for selecting Human
Health Toxicity Values for use in Superfund Risk Assessments

OSWER 9285.7-86 (2013)

wp |1 S Tier 3 Toxicity Value
White Paper
e
= PPRTV 3
ATSDR MRLs
CalEPA
= Other Tox Values PPRTV appendixes
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e For over two decades, the PPRTV program has developed human health assessments
for chemicals with highly variable hazard databases

* Includes development of subchronic and chronic non-cancer reference values (RfVs)
and cancer values for chemicals of interest to OLEM/Regions

e A data-rich PPRTV assessment might provide up to six provisional values
* PPRTV ‘appendixes’ were a key development circa 2007

IRIS and ISA
Perc Isopropanol Vanadium Thallium  p-CBSA n-heptane
BaP Trimethylbenzenes Sulfolane p,p -DDE
TCE \Cobalt Tungsten TPHSs Picric Acid ]

|
PPRTVs
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* Approach is based on evidence integration and synthesis to select the best analogue
chemical based on three proposed similarity contexts/categories (Wang et al., 2012)

* Similarity Contexts are:
(1) structural (including physchem),
(2) metabolic, and
(3) toxicity-like B Pttt ot approsches i uman et sk

g darlerred article /nE iSO TR AN P00 2T

* Analogue chemicals are selected based on evudence across all three similarity contexts
(i.e., analyses are integrated not sequential/linear)

Bt flanea g

 The POD(s) from the selected analogue is used as a surrogate to derive screening
PPRTVs for a data-poor target chemical of concern
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Target Chemical

)

Proceed with risk assessment using
chemical-specific data

Are there appropriate in vivo data NO
inn hurmans or animals?

is there a known major
toxic moiety
respansible for the
ultimate toxicity?

Search for chemicals based on primary similarity contexts © 1) Structure, 2}
Toxicokinetics , 3} Toxicodynamics

l

Select analogues with existent health reference values

l

Collect relevant information {structure, physicochemical properties, ADME,
toxicity and MOA) on the target and analogues and evaluate for consistency and
coherence {e.g. target organ, endpoint, metabolism pathway), identifying data
gaps and areas of uncertainty,

l

Select suitable analogues based on: 1) similar biological response, endpoint, toxic
effect or MOA; 2} metabolites, precursors or similar metabolism pathway; 4) TEF
or RPF approach in the context of a chemical category or mixture

£

Select source analogue and adopt POD faor
screening-level assessment of target chemical

Adapted from Wang et al., (2012)
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» Saturated aliphatic Property (unit) Value

hydrocarbon Physical state Liquid
» Used as a non-polar Molecular weight (g/mol) 100.21
solvent and also as a Vapor pressure (mmHg at 25°C) 46

standard in gasoline

7’ . 3 o
engine testing Henry’s Law constant (atm-m3/mol at 25°C) |2.27

(estimated)

» Requested for human Solubility in water (g/L at 25 C) 0.0034
health assessment

Octanol-water partition constant (log K_,) [4.66

» Poor hazard and dose-
response database
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* |dentify commonalities in structural/physicochemical properties between potential
surrogates that have available toxicity values, and target chemical of concern

Table A-1. Physicochemieal Properties of n-Heptane (CASRN 142 -82-58) and Structural Analogs®

Chemical n-Heplane n-Hexane n-Nonane
Structure B e R N N N
CASEN 142-B2-5 110-54-3 111-84-2
KMuolecular weight 104023 8618 128 28
D55 Tox ssmilarity score (%21 100 857 875
ChemIDplus simulanty score () 100 827 4.6
Melting peint (°C) -50 6 ~95 3 -535
Boiling point (°C) 985 68.7 150.8
Vapor pressure (mm Hg at 2558 46 1513 445
Henry's law constant {atm-m*'mole at 25°C) 2 27 {estimated)? 1.71 {estimated)® 4 {estimated)®
Water solubihty {mg/L) 34 a5 022
Log Kow 4.66 39 565
pHa NA WA MNA

*Diata was gathered from PHY SPROP database for each respective compound unless otherwise specified (U5, EPA 201290

PEE T (301 5Y

‘ChemIDplus Advanced, suomlanty scores (CheniDpins, 2016)

MA = not applicable.
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* |dentify commonalities primarily in metabolism (metabolic precursors, metabolites),
but also absorption, distribution, and excretion, between potential analogue chemicals
that have available toxicity values, and target chemical of concern

Table A-2, Summary of Metabolites for p-Heptane (CASRN
Structural Analegs

142-82-5) and

Chemical KRoute Species Aetabolites in Urine References

n-Heptane  |Inhalation . 2-heptanol (46 33 3-heptane] (35 2% wvalerolactone
{1,800 ppm {11.5), 2-heptanone {(3.5). 3-heptanone (1.5}, and
for 6 &) 4-heptanone {1 2}, 2 5-heptanedione {0 8) over 24 b

n-Hexans Inhalation Rat'd | 2-hexanol {57}, 2 5-hexanedione {33}, 3-hexanol (6). and
{1,000 ppm 1-hexanol (3}, 2-hexanone {1} over 24 b®
for 8 h}

p-Monane Oiral v-valerolactone (38 8}, Z-nenanol {17.9), 3-sonanol (107, Sm g o)
{800 mgke-d) 4-nonanone {6.8), o-heptanclactone {(6.5), 1-heptanol (5.7}, ({1995
4-ponanol (3.5), 5-methvl-2-{3-oxobutyl) foran (3.2},

G-hexanolactone (2.8}, 2.5-hexanedione {1) over 48 P

*Percentage of total metabolites 1 unne.
*Relative abundance of metabolites in urine.
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* |dentify commonalities
in toxicity (e.g., effect
levels, target
organs/tissues) and/or
bioactivity between
potential analogue(s)
(with available toxicity
values) and data-poor
target chemical of
concern.

Table A-3. Comparison of Available Repeated-Dose Oral Toxicity Data for n-Heptane (CASKEN 142-82-5) and Stractural Analogs

Chemizal n-Heplane #-Hexane A-Nonang

Struche - ,f"“wxxwr,f”"\\‘wf. ""’“x._\" B /"m“'\\,f’“"'»“f‘f T f\'\'\'x P e,

CASEN 142-B2-5 118-54-3 111-84-2

Repeat-dose toxicity—aral, subchranic

POD {mglke-d) [MA 785 313

PO type HNA LOAEL Bhild 3

Subchrome TUFe |MA 3,000 1,000

Subcluonic p-RID (WA 3= 1 31

{mg/kg-d)

Unitical effects Irritative and proliferative forestornach | Decreased MMOV associated with peripheral Proliferative forestomachlesions with varying
lesions and pofential ellecis in the hver, uneuropathy degrees of Nyperplavia and byperkeratosss of the
kadney, and adrenal glands at 5 dose of squamous epithelum

Cither effects 2,560 mg/ kg'é' Lack of BEUrOORICHY 3t Hind-limb paralysis sccompaned by evidence of | Additional effects 1o prncipal study
doses up to 2,860 mg/kg-d based on . . . ‘ _ . . s 5 -
bistological evahumtion (13wk v peripheral newropathy and testicular effects based  [hstopatholopical lesions in the dooderam frats)

stological evaluation (13-wk rat study). on histopathology at 3 dose of 2,343 me'kg-d and rectum {yats and nuce) at doses

{90-d rat study) =1, 000 meg'kp-d; nasal and pulmonary lesions,

possibly due to aspiration {Tats and mice}.
Increases i hver and lung weights at 5 dose of
3,000 me'ke -4 and dose-velated moereases in
adrenal gland and ovary weighis at doses
=1 000 mo'ke-d No sipnificant
newrohistopathology or neurobehavioral
abaormalities reported 1o rats of mice 3¢ doses up
to 5000 mptkp-d

Bpecies HA Rat (b} Mouse {34} aad Rat (F}

Thuration Na 8 wk 90 d

Route {method) (WA Oral (gavage} Oral {gavage)
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e Similarity Context 1: high structural similarity to n-
Heptane (>84%)

e Similarity Context 2: n-Nonane is metabolized in vivo
similarly to n-Heptane (higher relative amounts of the
2- and 3-alcohol and y-valerolactone metabolites
formed, compared to the neurotoxic y-diketone
compounds from n-Hexane candidate analogue)

e Similarity Context 3: n-Nonane-induced proliferative
forestomach lesions are similar to the lesions observed
after oral n-Heptane exposure (as compared to unique
n-Hexane-induced neurotoxicity)
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Target Chemical

p.p'-Dichlorodiphenyl
dichloroethane
{(p.p’-DDD)

72-54-8

p.p'-Dichlorodiphenyl
trichioroethane
{p.p’-DDT)

Analogues?

p.p"-Dichlorodiphenyl
dichloroethyiene
{p.,p’-DDE)

p.p'-Dimethoxydiphenyl
trichlorocethane
{Methoxychlor)
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e Liver

* Reproductive

Dose {mgfhe-day)

ID00G

1000

inn

if

O-p,p -DDD-NOAEL
L, p -DDE-NOAEL

-1, 0" -DDD-LOAEL

THp,p"-DDT-NOAEL

B, -DOT-LOAEL
- Mathowychlor-LOAEL

)"}

¢

J. POD for p,p"DOE

R based on
increased Bver welght
in male F1 rats

* subchronic and chrandc

-4, 0 -DORE-LODAEL

CBOD for pp-DRT chronic

----------- g’ RED angd intermediate MRL
% based on Hver lesions inrats

- Pinthowychior-NOAEL

L L
POD for MXC
chronic RID

based on
sponianeous
abortions in
rabbits

PO for MXC
intermediste
MIRL based on
precocious
pubserty in
female rats
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e p,p’-DDD and
analogues exhibit
similarities in cell-
specific responses and
target gene pathways
in in vitro ToxCast
assays conducted in
Human Liver Cells

Sonted Botivity

p.p’-DDD

Seabrd Srtivity

Pl

ey

3 Eis
A5 bl
p.p~-DDE
&
-
&
i

ACSG {pvi

8

P

&

Sealed Sotivily
e

p,0°-DDT

i

& Mitochondrial damage

# Cellulvr strens/ oytetoricty

siftard srpanele conformation
#Transeriptiorad factars
& Muclear ravepiws

# Metabolsm enppnes

Seabed Artivity
Fiad

e
3 30 NG
ACHD {ud]
Methoxychior
&
&
a3 H 30 I
BLSG L
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e p,p’-DDD and analogues exhibit similar upregulation of Steroid/Xenobiotic-sensing
Nuclear Receptors in in vitro ToxCast assays conducted in Hepatoma HepG2 Cells

A,

pp'-0DD

B0-DDT B,p-DDE Methoxychlor

" SEE St
£ o

ER

PXR
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* p,p’-DDD and
analogues exhibit
similar estrogenic
and anti-androgenic
activities in in vitro
ToxCast assays and
model predictions
for the ER and AR
across multiple
tissues and cell lines

{39) (6 /18 {a4)

ange = 14.0-324 Range =33-58.¢ Range = 3.5-482 Range =08-442
adian =187 Median = 8.1 Median =185 Median =48
L150.0342-0.0738) 018001810230 00875 (0.0614-0 0963) 0,254 (0.247-0 260)

g 0

0

311 (27

FNED 411 (36
ange = 310-628 Range = 17.8-720 Range=7.0-587 Range =283 408

edian =44 8 Median=47.0 Median =288 Median = 34 2
a g )
D873 (0.0648-0.124)

0251 (0.234-0.291) 0.0429 (0.0364-0.0465)

0.0642 (0.0318-0,108)
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Similarity

Structure and
- physicochemical
properties

Toxicokinetics

Toxicodynamic

Context

Summary of Findings

p,p-DDD and identified analogues (p,p-DDT and p,p-DDE and
methoxychlor) demonstrate similarities in basic structural features
(chlorinated diphenylalkane structure)

p,p-DDT and p,p’-DDE also share key functional groups (p,p~chlorine
substituents) and physicochemical properties important for
bioavailability (lipophilicity and low BCF values) with p,p-DDD

p,p-DDT is a metabolic precursor of p,p-DDD and both chemicals
show similarities in toxicokinetics (Absorption, Distribution and
Metabolism [ADMEY]) in humans and experimental animal models
{preferential partitioning into fat, similar metabolism and excretion
pathways and prolonged elimination rates)

Other analogues demonstrate differences in ADME in comparison to
the target. p,p-DDE is less metabolically active: methoxychlor is
metabolized differently and appears to be less bioaccumulative

Consistency and coherence across health effects in experimental
animals for non-cancer oral toxicity among the analogues point to
putative toxicity targets for p,p-DDD (primarily liver and reproductive
toxicity)

Similarities in in vitro bioactivity profiles from ToxCast assays between
the target and analogues with respect to cell-specific responses and
target gene pathways provide mechanistic plausibility for the liver and
reproductive effects associated with this group of chemicals

Evidence Integration conclusions

p,p-DDT is selected as a suitable source
analogue for the assessment of non-cancer
oral toxicity of p,p-DDD based largely on
toxicokinetic similarities, with supportive
information from in vivo toxicity testing,
structural similarity evaluations and in vitro
bioactivity from HTS assays

[ EPSHGB-1T000
SEPR R e FENAL
L3017

Provisional Peer-Reviewed Towcity Valves for

- Irchiorodiphenvidichiomethane (p,p DD}
{CASHD V23483

Superfund Fealih ik Techoios! Support Cenbes.
Naztionzl Cemter for Srvironrmental Ausessmant
iffiox of Kessarch md Developmant
115, Bavisonwexial Prnaction Sgency
Cranimatt, 8 5248
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Strengths

* Provides an opportunity to develop human health values where none would be
possible based on traditional risk assessment approaches and practice

* Approach is flexible, nimble, and evergreen

Limitations

* |s not high-throughput per se

* Current approach is dependent on analogue space with existent health values

Challenges

* Toxicokinetics (e.g., metabolism) is a critical similarity context that is often highly data-
poor

* Increase throughput...
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(NCEA) Lucina Lizarraga, Scott Wesselkamper, Jay Zhao, Jeff Dean
(NCCT) Grace Patlewicz

* Questions?
e Jason Lambert, ORD/NCCT — Lambert.Jason@epa.gov
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